Cell Signaling in Mesothelial Cells by Asbestos: Evidence for the Involvement of Oxidative Stress in the Regulation of the Epidermal Growth Factor Receptor.
Asbestos has been shown to stimulate the mitogen-activated protein kinase signaling cascade after autophosphoryiation of the epidermal growth factor recptor (EGF-R), an event important in regulating the response of cells to extracellular signals. In studies reported here, we have examined whether mineral fibers with known carcinogenicity can be discriminated from nonpathogenic fibers by their ability to upregulate expression of EGF-R protein in mesothelial cells. Crocidolite and erionite, two fibrous preparations known to induce mesothelioma, increased expression of EGF-R protein in a time- and dose-dependent manner, whereas milled (nonfibrous) crocidolite and chrysotile asbestos, two preparations with much less or no ability to induce mesothelioma, did not. Intense patterns of EGF-R protein expression were linked to mesothelial cells phagocytosing long fibers as observed by phase-contrast microscopy. To determine the importance of EGF-R expression in these cells, we assessed downstream signaling events in rat pleural mesothelial (RPM) cells by looking at the induction of activator protein-1 (AP-I), a transcription factor that controls the transition to S phase in the cell cycle, leading to cell proliferation. Crocidolite induced AP-I in RPM cells in a dose-dependent manner, and this induction of AP-I in RPM cells was inhibited by coincubation with tyrphostin AG 1478, a potent inhibitor of the EGF-R. To examine the mechanism of induction of EGF-R in RPM cells by asbestos, RPM cells were treated with crocidolite in the presence and absence of the antioxidant N-acetylcysteine (NAC). Reduced glutathione (GSH) was examined as a marker of oxidative stress and the expression of EGF-R protein was measured. Crocidolite asbestos caused a dose-dependent depletion of GSH in RPM cells, and the presence of NAC ameliorated the expression of EGF-R protein by crocidolite. Our data suggest that carcinogenic fibers induce EGF-R via a mechanism involving oxidative stress initiating cell signaling cascades in mesothelial cells leading to cell proliferation and carcinogenesis.